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A COMPARISON OF STRIP AND QUADRAT
 
ANALYSES OF THE WOODY PLANTS ON
 
A CENTRAL INDIANA RIVER BLUFF
 
By STANLEY A. CAIN, RAY C. FRIESNER AND JOHN E. POTZGER 
This report is concerned with the distribution of woody plants on 
certain river hills in central Indiana. The location is in the vicinity of 
Blue Bluffs on White river in Morgan county. Most hills, and par­
ticularly river hills of a hundred or more feet in height, show certain 
obvious differences in the woody plants at the top and the bottom. 
The relative abundance and evenness of distribution of different 
species, however, is hard to ascertain by ordinary observation, hence 
various methods of sampling are used to determine more exactly wbat 
are the distributional relationships of various species. Strip and sample 
plot methods of timber estimation have long been in use hy the for­
esters and lumbermen, and out of their methods have grown certain 
practices of the ecologist. In these studies there has been an effort to 
compare two methods of statistical analysis of vegetation, (1) sampling 
by line transects, and (2) sampling by quadrats, or regularly dis­
tributed squares. 
In the first attempt to determine accurately the distribution of vYoody 
species on these river hills, the strip or transect method was used and 
found to be rapid and easy. The results are interesting and indica.tive 
of the conditions of the vegetation, but are not completely satisfactory. 
The second analysis was made 011 a basis of quadrats and was found 
10 give more accurate results, bu t occasioned more work. 
If we assume that floristic differences, even of small degree, bave 
ecological significance, then it would seem that a careful statistical 
analysis of vegetation becomes one of the problems of first importance 
in an ecological investigation. In a recent discussion of methods in 
the floristic st udy of vegetation, Nichols (4) remarks: "If there is any 
one set of facts which is more susceptible to direct study and exact 
characterization than any other, it is the floristic composition of the 
vegetation." As the casual observer may notice: there are flood plain, 
slope and ridge types of timber, and it is readily apparent that the 
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moisture and exposure conditions are different at the bottom and the 
of a hluff. But, as a special technique is required to ascertain 
the quantitative differences in soil moisture, soil structure, evapora.tion, 
humidity, etc., and to interpret them, so, too, certain technique is neces­
sary quantitatively to determine the presence and distribution of critical 
or important species 1n the vegetation. For the student of plant com­
munities, an inadequate description of the floristic composition of the 
vegetation is as bad as a species description for a taxonomist which 
would say that a flower was large, or larger, but not how large! Since 
river hills present abruptly changing habitat differences, they present 
good plant communities for analysis. A changing habitat means a chang­
ing floristic composition of the plant community, and vice versa, so that 
certain species, at least, we recognize as having considerable ecological 
significance, while every species must have a certain ecological "equa­
In the excellent statement of Nichols, previously quoted, we 
"In general, there can be little question that every species of 
plant possesses not only a certain more or less definite taxonomic iden­
tity, but also a more or less definite ecological individuality. This being 
true, it follows, as the logical corollary, that any resemblances or differ­
in the floristic composition of plant communities may be of 
ecological as well as of taxonomic import." 
In the following text the strip transect study will be presented first, 
and then the analysis by use of quadrats. 
STRIP TRANSECT STUDY 
A strip was laid out, starting at the bank of White river (West fork), 
running directly to the top of Rock Hill, a distance of 650 feet in a 
southwest direction. The immediate river bank has a slope of 25 de­
grees, followed by a gentle slope of about 5 degrees for 75 feet, from 
which flood plain the bluff rises at slopes varying from 15 to 30 degrees 
from the horizontal, the steepest part being nea.r the summit. At the 
top of the bluff the transect strip turned 45 degrees to the west anel 
descended into a ravine, a distance of 775 feet. The slope of this por­
tion of the line is generally less steep than that on the side of the river 
bluff, much of it being from 10 to 20 degrees. The line then continued 
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west from the ravine \Ipward for a distance of 500 feet to the top of 
Blue Bluffs, at a slope of from 14 to 28 degrees. The total length of 
the line is 1,925 feet, while the top of the bluff is 285 feet above the 
nver. 
The data were gathered in the following manner: For an entirely 
separate purpose of hydrogen-ion studies of the soil, soil samples were 
taken at intervals of twenty-five feet along the line.' At each station 
where a soil sample was taken, a list was made of the trees and shrubs 
growing within the twenty-five-foot strip. The result was a largc num­
ber of lists of species representing the succession of plants as they were 
encountered from the river valley to the top of the river hills, or from 
the top down, according to the line. 
The direction of the line was controlled by compass, and the angle 
of slope was determined by use of an Abney Hand-Level. In handling 
these lists of species, it was decided to divide the lists according to 
altitudinal zones. This was accomplished by plotting on paper thc 
length and angle of slope of the various segments of the line. On thi~ 
contour of the hills studied were located the positions of the various 
soil sample stations and the lists of species accompanying them. Five 
zones were selected arbitrarily, which represent the five columns in 
Table I. From the river up they are each fifty feet in altitude, except 
the hilltop zone, which is slightly over. By thus dividing the strip into 
horizontal zones, it was possible to determine which stations occurred 
in each zone and, consequently, which species occurred in each 7.One. 
The results are presented in Table I. 
The percentages given in Table I are not based on the total number 
of stations (and lists of species) along the whole line, but on the num­
ber of such stations occurring in the strip within each altitudinal zone 
above the river. Although the stations are evenly spaced in the line, 
the regions of the slopes which are more gradual will have more sta­
tions within the fifty-foot rise than those regions which are steeflcr. 
Thus we find 10 stations in the hilltop zone, and 13, 18, 20 and 16 
stations consecutively in the zones down to the one immediately above 
the river level. The percentage occurrence of a species within a zonc 
dcpends then upon the number of times it occurred in the separate 
I~ce thr following p8.prr, page 172. 
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TABLE I 
DISTIHBUTION AND FREQUENCY OF SPECIES FROM 
RIVER-BLUFF TRANSECTS 
Percenlage Occurrence Based on Altitude Classes 
SPECJr::S <Height in feet above the river)
 
200-285 150-200 100-150 50-100 0-50
 
Gaylussacia. baccata ................. 10
 
Populus grandidentata .............. SO 8
 
Vaccinium vaciJlans .................... 20 1$
 
Acer rubrum ..........._.................... SO 38 11 10 19
 
Acer saccharum .......................... 20 54 IS 45 75
 
Carya alba .................................. 10 31 38 10 12
 
Carya ovata ................................ 20 38 22 30 25
 
Cornus florida ............................ 30 46 38 45 25
 
Fraxinus lanceolata .................... 30 8 IS IS 31
 
Hydrangea arborescens ............ 10 23 11 5 37
 
Nyssa sylvalica ............._......_... 10 8 5 $ 12
 
Oslrya virginiana ...................... 60 61 60 SO 62
 
Quercus alba .............................. 10 46 60 45 19
 
Quercus rubra ............................ 70 77 5$ 60 SO
 
Sassafras variifolium .................. 60 62 60 SO 62
 
Vitis labrusca. ................................... 15 11
 
Carya cordiformis .......................... S 
-.-. .... 6
 
Quercus velutina ............................ 46 IS 20
 
Fagus grandifolia ............................ 15 27 60 56
 
Sambucus canadensis .................... 
---. 5
 
Fraxinus americana ...................... .... 11
 
Fraxinus penosylvanicum .............. .... 11
 
MoTUs rubra .................................... .... 22 10
 
Platanus occidental is ...................... ..-. 5 .._. 2$
 
JlIglans cinerea .............................. .... 11 5 6
 
Comus sp? ..................................... .... 11 IS 6
 
Ulmus americana ............................ .... 5 15 37
 
Prunus serotina ................................ .... .... 5
 
Ribes cynosbali ......... _.. _........... " .. .... .... 5
 
Liriodendron tulipifera .............._ .... 
.'" 5 6
 
Ulmus Iulva .................................... A .... 5 19
 
Rubus allegheniensis........................ .... .... 10 19
 
Carpinus caroliniana .................... .... .... 15 44
 
Cercis canadensis ............................ .... .... .... 19
 
Ru bus occidentalis ............_.......... .-.. .... .... 12
 
Accr negundo .................................. .... .... .... 6
 
Acer saccharinum ....................... '.. .... .... .... 6
 
Benzoin a:stivale ............................ .... .... .... 6
 
Celastrus scandens .......................... .... .... .... 6
 
Cra ta:gus sp? ................. ........ ..... .... ...- .... .... 6
 
Fraxinus nigra ................................ ...- .... .... 6
 
Gledilsia triacanthos ...................... .... . ... .... 6
 
J uglans nigra .................................. .... .... ,0.- 6
 
Pyrus coronaria .............................. .... .--. .... 6
 
Smilax glauca ................................. .... .... .... 6
 
Number of stations at each
 
height (total 77) ....' ................ 10 ]3 ]8 20 16
 
Number of species at ea.ch
 
height (total 45) .... ................. 15 18 2.3 24 34
 
lGO
 
I ists for the stations in each zone. Thus, in the hilltop section there 
are ten stations and Populus grandidenlata' occurs in l1ve of them, 
having a percentage, as listed, of 50 per cent; and so on through the 
whole table. 
The number of species in each of the zones increases steadily from 
the top of the hills to the level of the river plain as follows: 15, 18, 23, 
24 and 34, consecutively, in the five zones. It may be reasoned that 
the increase in number of species, or general richness of Ule flora, 
lower down may only be apparent and not real, siuce the number of 
stations is greater than at the top. The ratios between the number 
of stations and the number of species substantiate this argument except 
in the lowest zone, where the undoubted greater floristic richness is 
revealed in the presence of thirty-four species. 
The distribution in the intermediate zones of the various species we 
must consider more a matter of chance, but there are certain species 
whose ecological characteristics are so marked that we may consider 
them as "hilltop" or "flood plain" species. For example, Gaylussacia 
haccata is confined to the top zone, while Vaccinium vacillans and 
Populus grandidentala are confined to the upper two zones. In some 
other work on the distribution of species (in relation to soil acidity 
and topography), Cain and Friesner (2) have called attention to the 
presence of these species and others on ridge tops and upper slopes, 
where they are considered "xerophytic-acid-boreal relics," In the lower 
flood plain zone there are twelve species which were not encountered 
elsewhere in this strip transect. Since the lower zone included more 
than the flood plain proper, it is not to he expected that these twelve 
species are strictly pecu liar to the lower altitude. As a matter of fact, 
the strip transect fails to reveal the truly flood plain species as such, 
although one familiar with the trees of the region would know that 
of the twelve species, Cleditsia lriacanlhos, Fl'axinus nigra, Acer sac­
chal'il1Um and Ace" negundo are primarily flood plain and river bottom 
species. Two other species are worthy of note in this connection. 
ULmus fulva and PLatanus occidenlalis are essentially flood .plain species, 
although they frequently occllr on lower slopes as here encountered. 
Twelve species occur at all heights on these river hills from the bot­

tom to the top of the ridges. They are Acer rubl'um, Acer saccharum,
 
.~ Car'yo. alba, Cal'ya ovala, Comus florida, Fl'axinus lanceolala, Hy
'NomCllc.lalure :Jill'l' Gray's }\(alH1al, 7th Etl, 
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'd,-angea arboresccns, N)'ssa sylval'ica, Ostrya virginia-na, Quercus alba, 
Quercus rubra and Sassaj,-as variijol-iu1tL. If we add to this Jist Fagus 
grandijolia, which occurred in all zones but the top, the list includes 
the most important woody species of the upland forest. In the par­
ticular region under study, the most characteristic species is Quercus 
rubra, ranging from the top of the hills to the bottom with the following 
high percentages: 70, 77, 55, 60 and 50 per cent, respectively. 
Oak-hickory development is dominant here and in many places in 
Morgan county, but, given physiographic stability and freedom from 
the ax, the beech-maple climax will develop over the vast second­
growth areas, as evidenced by many stands of almost pure beech-maple 
on a wide range of soils and slopes in the region. Most conspicuous 
among the small under-trees are Ostrya virginiana and Sassajras varii­
jolium, each with a frequency of SO per cent or over throughout the 
strip transect. . 
Of the twelve species ranging from the top to the bottom of the river 
hills, some occur with greater freg uency on the lower slopes and some 
on the upper slopes. For example, Acer saccharum, as is true of its 
codominant, Fagus grandijolia, has a frequency of 20 per cent at the 
lop and 75 per cent at the bottom of the hills. Other species show a 
grealer tendency towards a higher frequency at the top of the hills, as 
Acer rubrum, with SO per cent at the top and 19 per cent at the bot­
tom. Still others are more common away from the extremes of the 
ridge tops and the flood plain, as Quercus alba, with percen tages as 
follows: 10,46, 60, 45, 19, respectively. As already suggested, floristic 
differences such as these are indicative of environmental differences, 
since species have more or less characteristic ecological requirements. The 
hilltops are considerably more xerophytic than the lower slopes and the 
flood plain; evaporation is greater as a result of higher temperalures 
and increased wind movement, while the soil is conspicuously br.Uer 
drained and, in the dry summer periods, becomes dry and crusted. In 
contrast, the flood plain is essentially hydrophytic, while the middle 
slopes represent more nearly the average mesophytism of the region, 
without the more extreme physiographic influences. 
In conclusion, the strip method can be shown to have certain advan­
tages. First, the dat:.l can be easily and rapidly obtained. The presenl 
transect was laid out in two short working days and the lists of species 
completed. Prerequisite, of course, is a familiarily with the species 
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encountered in such a survey, otherwise the time requirement would be 
greater. Secondly, the result of such a survey gives a considerahly 
more definite idea of the vertical distribution of the woody species on 
the river hills than could be obtained by unaided observation. 
QUADRAT STUDY 
When an attempt was made to determine the frequency of individual 
species iu the woodland from the percentages derived by the strip 
transect studies (in the strict usage of the term "irequency") J it was 
found that the data were inadequate, although the strip was equivalent 
to about seventy-seven quadrats, twenty-five (eet on a side, laid out in a 
line. Consequently, it was decided to go into the field again and collect 
data from the same region by the use of regularly spaced qua.drats (or 
sample squares), for purposes of comparison with the strip transect 
method and to obtain true "frequency" data. The river hills were 
again divided into zones on a basis of height above the river. Seven 
zones were selected. The lowest flood plain zone ranged from the river 
level to fifteen feet above, while the second zone was from fifteen to 
lilty feet above the river. The f.rst zone includes the flood plain proper. 
This subdivision separates the lower slope from the true flood plain, 
which was not the case in the first study. The other zones were fi fty 
feet in height, except the top one, which was only fifteen feet in height. 
In each of these seven zones ten quadrats were laid out which were 
fifty feet on a side and regularly spaced from one another. In each of 
these quadrats (seventy in all) the total woody flora was listed. The 
results of this survey are presented in Table II. 
The quadrat ~tudy revealed sixty-eight species, in contrast to forty­
fIve species which were encountered in the strip transect survey. The 
number of different species encountered in the separate altitudinal zones 
is interesting in comparison with the first survey, where there was 
steady ir,crease in number of species in successively lower zones. Here 
the largest numbers of species were found to be in the intermediate 
regions. From top to bottom the number of species in each zone were 
as follows: 34, 36, 53, 40, 47, 44, 21. Apparently, fewer species can 
compete in the flood plain, where the drainage and aeration are poor 
during most of the year, and, conversely, relatively fewer species can 
compete \>;lith those adapted for life on the hilltops, wbere the soil 
becomes dry and baked during the hot summer season. This is a very 
10:1 
TABLE II 
DrSTRIllUnON AND FREQUENCY PERCENTAGE OF SPECIES ON A RrVEI~ 
BLUFF. DATA FROM QUADRATS IN SEVEN ZONES 
AveraguHeight Classes in Feet Above the Ri"ver of :\11
 
250·285 200·250 150·200 100·150 50·100 15·50 0·15 Qllatlral:-.:
 
Rhus copallina............... 30 .... .... .... .... .... .... 4
 
Juniperus vir~iniana...... 10 .... ...- .... .... .... .... J
 
Vaccinium vacillans ...... 30 20 20 .... ...- .... -- .. 10
 
Viburnum accrifolium .. 20 10 10 .... .... .... .... 6
 
Amelanchier canadensis 20 10 10 .... -.-. .... .... 6
 
Populus grandidentata.. 30 10 10 .... .... .... .... 7
 
Quercus velulina ............ 80 100 40 .... .... .... .... 30
 
Rubus odoratus.............. 20 70 20 20 .... .... .... 19
 
Nyssa sy Ivalica.............. 30 .... 10 10 .... .... .... 7
 
Quercus alba .................. 60 40 40 40 20 .... .... 29
 
Carya alba...................... 20 10 40 20 10 .- .. .... 14
 
Fraxinus americana........ 10 40 70 80 70 .... .... 39
 
Cclast nt, scandens.......... 40 20 30 .... 10 .... .... 14
 
Acer saccharum.............. 100 100 100 100 100 100 .... 86
 
Sassafras variifolium..... .100 80 70 SO 80 90 .... 67
 
Rubus alleghen[ensis...... 70 40 40 10 20 70 .... 36
 
Hydrangea arborescens.. 60 80 30 40 40 40 .... 41
 
Carya ovata.................... 60 SO 60 40 40 20 .... 39
 
Quercus rubra ................ 60 SO 90 SO SO 70 .... 53
 
Acer ruhrum .................. 60 30 40 .... 20 30 .... 26
 
Fagus I(randifolia .......... 40 60 70 30 90 SO .... 49
 
Oslrya virginiana............ 40 80 80 SO 60 40 .... SO
 
Rubus ocridentalis ........ 40 10 30 10 30 SO .... 24
 
Prunus serotina.............. 30 .... 10 10 SO 60 .-_. 23
 
Ulmus fulva.................... 30 50 20 50 40 80 .... 37
 
Morus rubra.................... 20 40 60 80 40 70 .... 44
 
Evonymusalropurpureus 10 .. -. 30 20 20 20 .... 14
 
Liriorlendron lulipifera.. 10 20 20 20 50 SO .... 24
 
Viti, labrusca................. 80 SO 90 70 90 SO 20 64
 
Rhus toxicodendron...... 60 SO 90 70 100 60 70 71
 
Cornus florida ................ 60 100 80 60 80 SO 10 6~
 
Fraxinus lanceolata........ 60 80 90 SO 70 90 70 7\
 
Carya corrliformis.......... 10 30 20 40 60· 70 10 34
 
Titia americana.............. 10 60 30 JO -... 10 10 19
 
Fraxinus quarlrangulala .... 10 30 .... 10 .... .... 7
 
Ju~lans cinerea .................. 20 60 20 70 40 .... 30
 
Ulmus americana................ 20 30 SO 70 20 .... 27
 
Celtis occidentalis .............. 40 40 20 30 100 .... J3
 
A<:sculus glabra.................... 10 )0 20 10 50 .... 14
 
Asimina Iriloba.................. 20 40 50 60 50 10 33
 
Sam bucus canadensis ........ 10 20 10 40 SO 30 37
 
SPECIES 
I
 
Quercus coccinea................ .... 10 .... .... .... .... 1
 
Prunus virg:iniana .............. .... 10 .... .... .... .... 1
 
Gymnodarlus dioica.......... .... 40 20 .... .... .... 9
 
Crale~us sp? ...................... .... 10 20 50 .--. .... JI
 1
Benzoin a~stivale................ .... 40 30 40 30 .... 20 I
 jJu~lans nigra...................... .... 30 10 .... 60 .... 14
 
Cercis canadensis................ .... JO 30 SO 60 .... 24
 
Rhus glabra ........................ .... 20 .... 10 20 .... 6
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AverageHeight Classes in Feet Above the RiverSPF.C1J::S 0(1\11 
250·285 200-250 );0-200 100-150 50·100 15-50 0-15 Q\.1:ldr;lt~ 
Carpinus earoliniana 10 70 50 60 20 30 
Smilax glauca _ . 20 60 60 10 36 
Rosa setigera . 10 _ 20 40 10 J1 
Gleditsla triacanthos . 40 10 10 20 II 
Acer negundo . 20 20 60 70 60 33 
Platanus oecidentalis . 10 30 20 40 70 24 
Qucrcw; macrocarpa _ . 10 .... 30 6 
Betula nigra . 10 1 
Hamamelis virginiana . 10 1 
Ribes cynosbati . 10 30 6 
Quercus muhlenbergii 
Acer nigrum 
.. 
. 
10 
10 
30 
30 10 
6 
7 
Ulmus racemosa...... .. .. .. 10 80 70 23 
·Fraxinus ni~ra . 30 4 
Comus sp? . 40 20 9 
Acer saccharinum _ . 100 J4 
Salix nigra . 70 10 
Poputus deltoides . 60 9 
Tecoma radieans _ . 20 3 
Quadrats in each belt 10 10 10 10 10 10 10 
Species in each belt 34 36 53 40 47 44 21 
(Tolal (8) 
widespread and well-known ecological situation: the more rigorous 
habitats, whether dry or wet, characteristically have fewer species than 
the intermediate typically mesophytic habitats. 
Essentially the same species were found by the quadrat study to 
characterize the hilltops. but the more extensive quadrat survey re­
veals three new characteristic species, viz.) RIms copallina, ]ul1iperus 
virginiana and Amelnnehier canadensis. 
The flood plain proper was found to contain twenty-one woody 
species, of which four were encountered nowhere else. They are Aeer 
snccharh1.u71'l, Populus dettoides, Salix nigra and Tecoma rad-eeans. Five 
additional species occur in 60-70 per cent of the flood plain quadrats: 
Fraxirms lanceo/ala, Rhus toxicodendron, Platanus occidentalis, Acer 
negzmdo and Ulmus rncemosa. 
In a quadrat survey, the question of frequency of species and the 
indication of dominants are among the interesting results. In their 
admirable "Vocabulaire de Sociologie Vegetale," tbird edition, Braun­
lllanquet and Pavillard (1) have this to say about "frequency" (freely 
transla ted) : 
"Frequency is a statistical idea (expression) which is derived by 
complete floristic lists from'a certain number of sample areas (quae!­
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wts) of equal dimensions and disseminated as much as possible through­
out the extent of the individual example of the association. The fre­
quency of a species is then expressed in per cent by the relation be­
tween the number of quadra ts which contained it and the total number 
of areas analyzed in the particular example of the association. 
"The species are then usually divided into five Classes of Frequency, 
according to their percentages." 
Strictly speaking, "dominance" is also a matter of degree, yet certain 
most characteristic species of considerable coverage are often referred 
to as "dominants." In Braun-Blanquet and Pavillarcl's vocabulary we 
fmd: 
"To evaluate dominance one must be able to assign figures to each 
species with the exact significance as follows: 1, covering very slightly; 
2, species covering between 1/20 and ~ of the area of the associa­
tion; 3, species covering between Ii and 0 of the surface; 4, species 
covering between 0 and 01 of the surface, and, S, species covering 
more than ;li of the surface." 
Very little work has been done in the United States which would 
enable the investigators to assign degrees of dominance in this manner. 
Increasing attention should be paid to the methods of quantitative sta­
tistical analysis of vegetation which have been developed in the various 
European schools of ecology. Many American ecologists have followed 
the practice of referring to species of "high" frequency as "dominants," l.,
whereas, a species may be present in 100 per cent of the quadrats hid 
out in an association and still not be dominant because of its low sur­
face coverage. The conception of which species are dominant is usually lderived by observation unaided by the quantitative statistical methods 
of plant sociology. Our present field data do not p.ermit the exact 
reference to any species as dominants, since the e'xtent of coverage of 
each species in each quadrat was not determined. However, when we 
find, for example, that Acer saccharum has 100 per cent frequency in 
all wnes except the flood plain, it must also be dominant. 
There are certain other words which are constantly used in descrip­
tions of vegetation which have come to have technical definitions and 
consequently should not be used laxly any longer. Three such words 
which might be appropriately considered here are presence, constana 
and fir/dit)'. Returning again to the voca\.)Ulary cited above, we read: 
"P-r('st1'/tI' is established according to the existence or absence of a r 
species in different examples (geographically separated) of an associa­
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tion, Certain sprcies are met wit]1 a high regularity in all or nearly 
all the examples of an association encountered; others are lacking in a 
more or less large number. One can divide them into categories accord­
ing to different degrees of presence. The Constance is an expression 
relative to presence, referring to selected samples of definite dimensions, 
but large enough, taken only once in each differrn( stand of the asso­
ciation. In combining the results of constance with frequence, one 
obtains a synthetic expression of the distribution, more or less uni­
form, of the species in the different individual examples of the associa­
tiOll. It is said to be an expression, more or less approximate, of the 
homogeneity of the association." Fidelity is considererl as the exl.r.nt 
to which species are confined to a particular plant association, or type 
of plant community. 
In view of these concepts, if we consider the flood plain as a dis­
tinct association, four species have a complete fidelity, in that they are 
confmed to the flood plain association in this particular survey. They 
are Acer saC(ltarinum, Salix nigra, POfru.lus deltoides and Tecoma rad·t­
cans. Similarly, considering the upper slope and hilltops to be covered 
with a black oak association, above about two hundred Ieet, we find 
seven species with a high degree of fidelity, viz., Quercus velutina, Popu­
lus gra/1didenta ta, Amelan-chier canadensis, Vibumum aariJoliu1'l1-, Vac­
cinium vacillans, Juniperus virginiana and Rhus copaliina. 'Fhe latter 
two are confined to the topmost zone. 
In order to determine constance and presence in the strict technical 
use of the terms, surveys such as this one would have to be made in 
other localities where similar associations and situations are to be 
found. We have here only one instance or example of these river hill 
associations-one "stand," in the terminology of the foresters. 
In a consideration of frequency, only quadrats laid out within the 
typical portion of the association (of a single association) can be con­
sidered in determination of frequence of species. Consequently, our 
first zone, from the river to fiIteen feet above, which includes only the 
flnou plain, must be considered separately and the frequency for the 
(wenty-one species contained therein determined. The resut ts are pre­
,-;cnted in Table Ill. 
The frequency indices o[ the various species in the flood plain coin­
ci·dr with the norlTlal expectancy in such work when the conditions of 
such study are [ullfilled: a sufficient number of quadrats of sufficient 
alTa c1istributrcl throughout the association. That this analysis is ade­
1.67 
TABLE III 
FREQUENCY CLASSES OF THE SPECIES OF THE FLOOD 
PLAIN ASSOCI.A..TION 
Raunkiaer's Frequency Classes 
SPECIES A BCD E. 
0-20% 21-400/0 41-60% 6J.-80% 81-100% 
Acer nigrum x 
Asimil1a lriloba _ x 
Carpinus caroliniana x 
Carya cordiform is x 
Comus sp? X 
Comus flodda x 
Gledilsia lriacanlhos x 
Rosa set.igera : x 
Smilax glauca x 
Tecoma radical1s x 
Tilia americana x 
Vitis labrusca x 
Sambucus canadmsis x 
Populus deltoides . x 
Acer l1egul1do .. x 
Fraxil1us lal1ceolata .. x 
Plalanus occidenlaJls .. x 
Rhus toxicudel1dron x 
Salix nigra . x 
Ulmus raccmosa x 
Acer saccharinum x 
Number of species (21) 12 6 I 
quate may be decided from a comparison of the results with standard 
frequency work. Kenoyer (3) has made a critical study of the fre­
quency work, first developed by Raunkiaer (5). Raunkiaer, working 
on European associations, found that the species in an association, 
when arranged into five frequency classes, had the following grouping: 
Class A (1-20 per cent of the quadrats), S3 per cent of the total num­
ber of species encountered; Class B (21-40 per cent), 14 per cent of 
the species; Class C (41-60 per cent), 9 per cent of the species; Class 
D (61-80 per cent), 8 per cent of the species, and Class E (81-100 per 
ceut), 16 per cent of the species. In other words, there were two peaks 
in frequency. First, there was a large percentage of the species which 
were of low frequency (Class A) being encountered in 20 per cent or 
less of the quadrats. Second, there was another peak, or large percentage 
of the species which were of high frequency (Class E), being encountered 
in 81 per cent or more of the quadrats. This second peak is never as 
high as the former; in other words, there are fewer species of high 
frequency than there are of low frequency in an association. The 
smallest frequency class is usually Class D, although it may be Class 
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C. Raunkiaer's ratio of frequency classes, 53-14-9-8-16, was derivedI from an extensive study involving 8,087 percentages. 
The work of Kenoyer on American association gives the following 
ratio: 69-12-6-4-9, showing the same two high points with the differ­
ence, as Kenoyer explained, that Class A is larger in American asso­
ciations, due to the fact that our flora is generally richer in numbers 
of species. 
The flood plain association, from the present analysis, gave the 
following ratio: Class A, 57 per cent; Class B, 5 per cent; Class C, 
5 per cent; Class D, 28 per cent, and Class E, 5 per cent, revealing 
the two large frequency classes mentioned above. Generally speaking, 
when the two classes of large size are at either end of the scale, it lllay 
be concluded, that the number and size of the quadrats is adequate and 
t.hat a homogeneous association has been dealt 'Yith. 
Next we hnve to consider the wooded slopes of the river hills above 
the flood plain. These woods are not virgin timber, yet they arc reb­
lively undisturbed in comparison to the majority of timbered areas 
in central Indiana and would be described generally as mixed hard­
woods. The hill tops and upper slopes are occupied by what is more 
nearly an oak-hickory association, while the lower slopes are clothed 
with a more mesophytic growth, approaching the beech-maple associa­
tion. The normal woodland succession is usually from the more xero­
phytic oak-hickory association, with black and red oak playing impor­
tant roles in the makeup of the vegetation, followed by a white oak 
stage with an admixture of more me~ophytic species, which fmally gives 
way to the beech-maple climax association. The succession, developing 
towards the beech-maple association, is further along on the lower 
slopes than on the upper slopes and ridge tops. This can be seen from 
the [ollowing percentages of critical species, Table IV: 
TABLE IV 
fREQUENCY OF MORE IMPORTANT SPECIES OF THE OAK ,\!'II) 
81-100 per 
. two peaks 
.eies which 
IS never as 
"es; of high 
tion. The 
y he Class 
SPECIES 
Quercus vclulina 
Quercus ru bra 
Quercus alba 
Carya ovata 
Carya alba 
F,,~us grandifolia 
Ac~r saccharum 
BEECH-MAPLE ASSOCIATIONS 
250-285 
80 
60 
60 
60 
20 
40 
.100 
Frequency Per Cent by Altitudinal Zones 
200-250 150-200 100-1 SO 50-100 15-$0 0-15 
100 40 
50 90 so 50 70 
40 40 40 20 
SO 60 40 40 20 
10 40 20 10 
60 70 30 90 so 
100 100 100 100 100 
lG~ 
TABLE V 
fREQtJENCY CLI~SSES OF THE HILLTOP SPECIES 
Frequency Classc;;
 
SPECIES A BCD E
 
0-20'!o 21-40% 41-60% 61-80'/0 SJ -JOO~/':
 
.-Esculus !!Iabra _ x
 
Amclanchier canadensis x
 
:\,jmina lriloba x
 
Carya alba x
 
Carva cordirormis )(
 
Ctllis oceidenlaJis )(
 
EvonYIlIUS alropurpureus x
 
Fra~inus quadrangulala x
 
Juglans cinerea x
 
Juniperus virginiana x
 
Liriodendron lulipj[era x
 
:'\,.,sa sylvalica x
 
Populus grandidentata x
 ce 
Prunus s"rolina x
 
Rhus copallina x
 
Sambucus canadensis )(
 
Ulmus amcrie:-lmL x
 
Viburnum acerifolium x
 
Cdaslrlls scandens x
 
Fra1CLnus americana x
 
\oforus rubr:a . . x
 
R uhus occirlenlalis x
 te 
Tilia americana x
 
Ulmus fulva . x
 
Vaccinium vacillans .. x
 'I~ 
Acer rub rum . x
 
Carya ovala . x
 
Fa~us grandifolia X
 
X
 •
lg~~:c~sV~:i~t.~~.. :::.:.:.. :::::.::::.::::::.:::::::: x
 
(iUC:-cllS Dlbra . x
 
Rubus orloratus . )(
 
Rubus alkghenicnsis x
 
Rhl!!; loxieodcndron . x
 
Comus Ilorida x
 
Fraxinus laneeolala . x
 
Hydrangea arborcscen, ,. x
 
Vilis labrusea .. x
 
Acer saccharum x
 ~ Quercus velutina
 
SJ-"a fras variifolium .. x
 
No. of species (4L) 18 7 9 4 3
 
Pucenlage .44 Ii 22 10 7
 
The hilltops being more nearly representative of I.he oak-hickory 
nsslIciatiol1, the upper two zones (from 200 to 285 feeL) were lreated 
SO as to reveal the frequencies of the species. These results are ex­
pressed in Table V. The ratio of the classes here revealed is not lhat 
)70 
x 
t
 
of the typical Raunkiaerian type. The second peak, represented by 
the large size of Class E; is absent in the results: 44-17-22-10-7. The 
conclusion to be drawn, and which had already been anticipated, is 
E that the plant community here dealt with is not a good homogeneous 
1·100';" 
example of the oak-hickory association. Similarly, the lower slopes are 
approaching the beech-maple association bu t are not yet typically 
developed, for, if such were the case, the frequency results would reveal 
the "dominants" as composing Class E, and also constituting a second 
peak, i. e., more species falling into Class E than in Class <;: or D. 
SUMMARY 
1. Tbis report covers analyses of the woody vegetation of certain 
r central Indiana river hills by two methods: (1) strip transect method; 
(2) quadrat method, with a discussion of the advantages of each in 
revealing the content and distribution of the woody flora. 
2. The vertical distribution of the species is emphasized, in relation 
to habitat factors, by a treatment involving altitudinal zones. 
3. The question of frequency of the species is considered and certain 
terms used in plant sociology are discussed. 
4. The use of Raunkiaer's and Kenoyer's ratios of frequency classes 
is considered as to their value in checking the adequacy of the quadrat 
survey, and whether or not the plant community dealt with is a good 
example of the association under consideration. 
5. The present study is of academic interest only, but many prob­
lems of practical importance involve methods of analysis of vegetation 
here discussed. 
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